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2at non-zero temperature T > 0, through the Wilsonian
matching, the bare parameters have the intrinsic temper-
ature dependences, which lead to those of the parameters
at scale  through the Wilsonian RGE's [11, 17]. Thus,
we write both dependences explicitly as F

(;T ), a(;T )
and g(;T ) [18].
To avoid confusion, we use f

for the physical decay
constant of , and F

for the parameters of the La-
grangian. Similarly, M

denotes the parameter of the
Lagrangian and m

the  pole mass. For calculating the
hadronic thermal corrections it is convenient to adopt the
on-shell renormalization scheme at T = 0 as in Ref. [8].


















































Then, the parameter M

in this paper is renormalized in
such a way that it becomes the pole mass at T = 0.
Here we summarize the hadronic thermal corrections
to the decay constant of  and the  mass calculated in
Ref. [8] at one-loop level.
The decay constant of  is dened through the longi-
tudinal component of the axialvector current correlator
at the low energy limit [19]. The hadronic thermal cor-











































































When we consider the low temperature region T  M



























which is consistent with the result in Ref. [20]. Thus, the
decay constant of  decreases as T
2
at low temperature.
We estimate the critical temperature by naively ex-
trapolating the above result to the higher temperature
without including the intrinsic temperature dependences.
Since the terms other than I
2










, the critical temperature
for N
f










(T = 0) = 2f

(0) ' 180MeV : (6)
Next we show the hadronic thermal corrections to the
 mass. In Ref. [8] the  pole mass is dened by the pole
of the longitudinal part of the  propagator in the low


















denotes the real part of the longitudinal
component of the  two-point function at one-loop level.








, since the dierence is of higher order. The resultant












































































































terms from the -loop eect. In the low tem-

















































Thus, the  pole mass increases as T
4
at low temperature
dominated by -loop eect. This is consistent with the
result by the current algebra analysis [21].
Let us now include the intrinsic temperature depen-
dences of F










Eqs. (3) and (8). To do that, we rst determine the bare
parameters dened at the matching scale  by extending
the Wilsonian matching [11], which was originally pro-
posed for T = 0, to non-zero temperature. We match
the axialvector and vector current correlators in the HLS
with those derived in the OPE for QCD at non-zero tem-
perature (see, e.g., Refs. [13, 14]). The correlators in the
HLS around the matching scale  are well described by
the same forms as those at T = 0 [11] with the bare pa-

















































(;T ) is the bare  mass,
and z
1;2;3
(;T ) are the bare coeÆcient parameters of the
3relevant O(p
4
) terms [10, 11, 12]. Matching the above
correlators with those by the OPE in the same way as
done for T = 0 [11], we determine the bare parameters
including the intrinsic temperature dependences, which
are then converted into those of the on-shell parameters
through the Wilsonian RGE's [11, 17]. As a result, the
parameters appearing in the hadronic thermal correc-
tions have the intrinsic temperature dependences. In this
way we include both the intrinsic and hadronic thermal
eects together into the physical quantities.
Now, we study the chiral restoration in hot matter.





= 3 with assuming that hqqi ap-
proaches to 0 continuously for T ! T
c
[22]. In such a
case, the axialvector and vector current correlators by
the OPE approach to each other, and agree at T
c
. Then
through the Wilsonian matching we require that the cor-
relators in Eq. (11) agree with each other. As was shown
in Ref. [15] for large N
f
chiral restoration, this agreement
















As we explained above, the conditions for the bare pa-
rameters g(;T
c
) = 0 and a(;T
c
) = 1 are converted
into the conditions for the on-shell parameters through
the Wilsonian RGE's. Since g = 0 and a = 1 are sepa-
rately the xed points of the RGE's for g and a [17], the
on-shell parameters also satisfy (g; a) = (0; 1), and thus
M
























! 0 for M

! 0, Eq. (8) for M























Since a ' 1 near the restoration point, the second term
is positive. Then the  pole mass m

is bigger than the
parameter M

due to the hadronic thermal corrections.
Nevertheless, the intrinsic temperature dependence deter-
mined by the Wilsonian matching requires that the  be-








since the rst term in Eq. (13) vanishes as M

! 0, and
the second term also vanishes since g ! 0 for T ! T
c
.
This implies that, as was suggested in Refs. [3, 15, 16], the
vector manifestation (VM) actually occurs at the critical
temperature. This is the main result of this paper, which
is consistent with the picture shown in Refs. [2, 3, 5, 16].
We should stress here that the above m

(T ) is the  pole
mass, which is important for analysing the dilepton spec-
tra in RHIC experiment. It is noted [15] that although
conditions for g(;T ) and a(;T ) in Eq. (12) coincide
with the Georgi's vector limit [24], our VM should be
distinguished from Georgi's vector realization [24].
Let us determine the critical temperature. For T > 0
the thermal averages of the Lorentz non-scalar opera-




q exist in the current correlators in
the OPE [14]. Since these contributions are small com-
pared with the main term 1+
s
=, we expect that they
give only small corrections to the value of the critical
temperature, and neglect them here. Then, the Wilso-





) is obtained from that in Eq. (4.5) of Ref. [11]
by taking hqqi = 0 and including a possible temperature






































It should be noticed that the F

(;T ) does run with
scale  by the Wilsonian RGE [11, 17] even at the crit-





termined through the Wilsonian RGE for F

with taking








































the physical decay constant of , which of course vanishes
at T = T
c
, is given by takingM




















Here we should note that the coeÆcient of T
2
in the
second term is a half of that in Eq. (5) which is an ap-
proximate form for T  M

taken with assuming that
the  does not become light. On the other hand, here the
factor 1=2 appears from the contribution of  (longitudi-
nal ) which becomes the real NG boson at T = T
c
due
to the VM where the chiral restoration in QCD predicts
a = 1 and g = 0 at T = T
c
. From Eq. (17) together with

























































= 3. Since the tem-
perature dependence of the gluonic condensate is small
(see, e.g., Refs. [13, 14]), we neglect it here and use the














For the values of the matching scale  and the QCD scale

QCD
we use  = 1:1GeV and 
QCD
= 400MeV [26] as
a typical example. Using these values, we obtain
T
c
' 250MeV : (19)
4This is larger than the critical temperature in Eq. (6)
which is obtained by naively extrapolating the tempera-
ture dependence from the hadronic thermal eects with-
out including the intrinsic temperature dependences. Ac-
tually, the value in Eq. (19) is about
p
2 times of that in
Eq. (6). The factor
p
2 is the consequence of the ex-
tra factor 1=2 appearing in the second term of Eq. (17)
compared with that of Eq. (5). This is easily seen as




is added to the right-hand-side of the Wilsonian match-
ing condition (15). Since the term is tiny compared
with the main term 1 + 
s













is dominated by the eect of quadratic






































To conclude, by imposing the Wilsonian matching of
the HLS with the underlying QCD at the critical temper-
ature, where the chiral symmetry restoration takes place,
the vector manifestation (VM) necessarily occurs: The
vector meson mass becomes zero. Accordingly, the light
vector meson gives a large thermal correction to the pion
decay constant, and the value of the critical tempera-
ture becomes larger than the value estimated by includ-
ing only the  thermal eect. The result that the vector
meson becomes light near the critical temperature is con-
sistent with the picture shown in Refs. [2, 3, 5, 16].




appearing in Eq. (8) presumably
has an intrinsic temperature dependence proportional to
T
2
through the Wilsonian matching. Since we studied
the intrinsic temperature dependences only at the critical
temperature in the present work, we cannot denitely
argue how m

(T ) falls in T . However, we think that the
parameter g
2















, then the  pole mass m
2










) which seems to agree with
the behavior of f
2

(T ). In such a case the scaling property










Although we concentrated on the hot matter calcula-
tion in this paper, the present approach can be applied
to the general hot and/or dense matter calculation.
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